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1.1 Introduction

Project Report for Rajmahal opencast was originally sanctioned in August, 1980 for a
rated capacity of 5.0 MTY. The project was subsequently expanded to a rated capacity of
10.5 MTY. The Projection Report for Rajmahal Expansion OCP(10.5 Mty to 17 Mty ) has
been prepared based on the projection parameter of the Expansion projection for 17 Mty.

1.2 Scope of the work
Scientific study of Dahenangi Patch for

a). Dump Slope Stability analysis of failed dump mass upto the hard benches
b). Slope stability of dump Slope

1.3 Geology and hydrogeology

Rajmahal OCP lies within Lalmatia Exploration Block which covers an area of 15
and has been explored by CMPDL. The geological report of the block was publi

march 1984 considering the data from 200 boreholes. This geological report fo
basis of the approved PR of 10.5 MTY capacity.

Sg.Km.
shed In
rms the

Altogether eight persistent coal horizons of Barakar formation have been identified in the
block. The seams, from bottom upwards are seams |, ) (bot), {Top), 1, IV,IX,X & XI. More
than 95% of the reserves in the block occurs in the seams il {bot),

II{top) and Il along with
their various combinations.

1.3.1 Regional Geology

The Rajmahal coalfields consists of a series of lower Gondwana exposures aligned roughly

in the N-S direction along the foot of the Rajmahal hills. The Barakars have been identified
to lying with a depositional contact on the Archeans whi
these lithostratigraphic units,

(underlying the Rajmahal traps) h

ch lie towards west. In addition to
Talchir (underlying the Ba rakars) and Dubrajpurs
ave also been found exposed in parts of these coalfields,

Department of Mining Engineering, ITTBHU) |
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1.3.7 Geology of the Black

The Lalmatia block from the northern most part of Hura co

stratigraphic sequence within the block is as follows,

Table 1: Siratigraphic sequence of Lalmatia Biock

al prospect. The general

rGroup Formatio Lithology Thickness
f Range(m)
Recent to Altuvium UNCONFORMITY 0-15
Sub-recent
Upper Rajmahal | Rajmahal volcanic and inter- | 50
Gondwana Traps trappean sandstone and
shales.
UNCONFORMITY
Lower Barakar | Coarse to medium grained | 25-350
Gondwana sandstone with shale and coal
Coarse  arkosic sandstone, | 15-'50
pebbly at places
Talchirs | Sandstones and shales 10-20
UNCONFORMITY
Granite gneisses, hornblende
Schists and pegmaties

17 normal faults have been postulated within the block. Among these, five southward
heading faults, namely Faults F1,5,8,11, and 15 are of ma
the interpretation,
complex.

jor magnitude, As borne out of
the southern haif of the block appears to be structurally more

1.3.4 Hydrogeology

Five aquifer horizons have been identified in the block as
investigation conducted in the Lalmatia block b
identified as follows.

per the hydro-geological
y CMPDL. Five major aquifer systems were

Table 2: Major aquifer system in Rajmahal project

Aquifer Disposition
Si. | Aquifer Lithology Confining beds Nature of
1 No ' Aquifer
1 | Watertable Clay slit and sand Unconfined
Aguifer
2 | Aguifer-ll Sandstone Top clay and seam-1It Confined to
Sermi-confined

Department of Mining Engineeting, NT(BHL) |
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3 | Aquifer-1A Sandsione seam-iil and Seam-1l{top) \ confined
4 | Aguifer-ll Sandstone Seam-ll{top) and seam- confined
' {bot)
5 | Aquifer-1A Sandstone seam-li (bot) and seam-i confined
6 | Aquifer-i Sandstone confined
1.3.5 Climate

The area is characterized with mild to moderate, tropical to sub-tropical climate, with
cold winters and fairly hot and dry summers. During pre-monsoon, light rain is noticed
and duting monsoon 80% of annual rail fall occurs and weather is cooler due to rains. The
mean of maximum temperature is 30.70°C and mean of minimum temperature is 18.92°C
and the average of the maximum and minimum is 22.8°C.

1.4 Location

Rajmahal opencast mine, under the administrative control of ECL is located in the Godda
district of Jharkhand. It lies between latitude 24° 17 12’ N and 250 03” 15’ N and
longitudes g7° 25" 0' E and 87° 24" 52’ E. the site of Rajmahal Opencast mine is accessible
by road from Suri {120 km. to the south) or from Sahibganj (50 km. to the North-East]). Its
nearest railway station is at pirpainti approximately 32 km. North of the area.

1.5 Mining System

The proposed mining system envisaged deployment of shovel-dumper combination for
both coal production and OB removal. The thick (15m-35m) mantle of alluvium cover and
weathered mantle and above the coal seams which has been called as consolidated OB.
The Project Report has been proposed to be worked by 20 m? long reach Rope Shovels in
conjunction with 170T Dumpers. A thickness of up to 20m of the unconsolidated OB was
envisaged to be excavated by 20m? long reach Rope Shovels standing on the hard floor.
The balance waste material in the form of parting and bands was proposed to be
removed by 12m? Hydraulic shovel in conjunction with 85T Dumpers. For coal production,
10m® Rope shovels and 12m Hydraulic shovels were proposed with 85T dumpers.

1.6 Mine Boundary_

As per the approved PR the mine area has been delineated within a maximum OB: Coal
thickness ratio of 3.4 :1 at the floor of seam-l {bot) so as to restrict the operations within

a maximum stripping ratio of 2m/t. This has resulted in the exclusion of the following
seams/fareas.

Department of Mining Engineering, IITBHU) l
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.
o (a) Seam-I in the central part of the deposit where it is developed with a thickness of
£ 2m to 6m below a parting of 13m to 34m with the overlying seam-Hi.

ﬁ (b) Northern and eastern part of the block and

. {c) Most of the coal under Lalmatia hill (68m-104m high)

o The mining block as delineated in the approved P.R was grouped into three areas, namely

(1) initial mine area which includes the incrop Zone (ii) the main mine area and {iii) the
deep mine area generally bounded by fault F> and Fy5. The deep mine area was also
£y excluded from the 25 year mine plan due to the deep seated highly faulted coal seams
rendering them difficult to mine.

1.7 Reserves & Stripping Ratio

The geological reserves of the approved P.R as estimated by M.Ss. METCHEM was 493.04
Mt including a reserve of 97.22 Mt in the deep mine area. Out of the above mineable
reserves, 240.10 Mt was proposed to be exploited up to 25th year of the OCP with an
average stripping ratio of 1.57 m*/t{for the first 25 years).




Dump Slope Stability Study for Rajmahal OCP

2.0 METHODOLOGY OF THE STUDY

The stability analysis was done by finite element method and Limit equilibrium method.
These methods have been used to assess the failure mechanisms and to determine the -

factor of safety. These techniques are widely used to perform stability analysis where the

conditions are complex. Modeling has advantages that design ideas can be tested,

different material properties can be evaluated and risk analysis can be carried out. €
2.1 Geotechnical Assessment of Dump Material

The mine is being worked by shovel-dumper combination. The stability of the slope
primarily depends on the strength properties of the dump material, orientation and

geology of the dump foundation, infiltration of the rainfall, drainage and groundwater

condition within the siope.

The Factor of safety of 1.5 has been considered for long term stability of the dump slope.
The angle of repose was considered to be 37°. The stability analyses were done to

determine the safe dump slope configuration,

Table 3 shows the material properties used for simulation of dump slope of Rajmahal

Overburden. The data is obtained by testing in the laboratory investigation and literature

survey.

& & ;b H ;i é 6
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Overburden 46 31 800

0.32 2.1
(Re-handle dump)
Overburden 36 31 400 0.33 1.8
Insitu rock 1000 30 2000 0.28 2.4

2.2 Limit Equilibrium Method

The conventional limit equilibrium method is used in many geotechnical practices to
investigate the equilibrium condition and analyse the stability of slope With varying
geotechnical data and geometry, The most common methods for limit equilibrium
analysis are methods of slices. The soil mass above the assumed slip surface is divided

into vertical slices for purpose of analysis. Several different methods of slices are available

for analyzing the circular and non-circular failure condition,

In the present study limit equilibrium method has been used to compute the factor of
safety using bishop method. The critical slip surface has been calculated by above
methods having the lowest factor of safety. Two-dimensional {2-D) cross section with

plane strain conditions has been considered for present analysis.

Department of Mining Engineering, IIT(BHU) I
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5 3 Numerical Modeting {Finite Element Method)

The Numerical modeling is widely used to compute stresses and displacements in
structures caused by applied load. The method is particularly useful for complex
problems. The stability of a slope cannot be determined directly from finite element
analyses, but the computed stresses in a slope can be used to compute a factor of safety.
PHASES2 based on finite element method has been used to calculate the factor of safely

by shear strength reduction technigue.

The shear strength reduction technigque has two advantages over the conventional
approach. The critical failure surface is found automatically and it is not necessary to specify
the shape of the failure surface. To perform slope stability analysis with the shear strength
reduction technique, simulations are run for a series of increasing trial factor of safety,
F(Griffiths and Lane, 1999). The actual shear strength properties cohesion (c) and internal
friction angle (®) are reduced for each trial according to the equations 1 and 2. If the
multiple materials are present, the reduction is made simultaneously for all materials. The
trial factor of safety is gradually increased until the slope fails. At failure, the safety factor
equals the trial safety factor. The factor of safety is defined according to the equation

rial [
Cl = F trial C
(1)

¢ = arctan ( F;;ﬂ—,— tan ¢)

The numerical model of slope has been developed based on finite element method and
finite difference method. The key success of numerical modeling is to consider the
representative constitutive behaviour of dump material. it has been observed from the

literature that dump (soil) behaves as a non-associated elasto-perfectly plastic material.

Generally, it obeys Mohr-Coulomb yield function. It can be expressed as:

.. = zc‘{ cos() }m 1+ sin®)
! 1-sin@)) \i-sin@)

Department of Mining, Engineering, TITBHL) |
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o Where, C and ® are cohesion and internal frictional angle
0 g1 and o3 are principal stress
:j’fﬁ}

The factor of safety generally used is in the range of 1.2-1.5 for open pit mines. This

factor of safety could either be directly calculated based on limit equilibrium method

) or indirectly by numerical modeling based on' strength reduction technique. The
2y factor of safety must be greater than 1 for stable slope. Due to uncertainties involved
"y in determining the properties of material, leaving some of the parameters in

simulation for simplification and presence of some external factors that are not
considered for simulation, it is advisable to have minimum factor of safety of slope as

1.5. Keeping the above discussion in mind, Factor of Safety of 1.2 to 1.5 is considered

as short term stability and Factor of Safety of 1.5 and above are considered for long

term stability.

e e Y e e W
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3.0 STABILITY ANALYSIS ta

e
Figure 1 shows the layout of Rajmahal Opencast Coal Mines. The Sections along the mine &
dump have been taken in consultation with mine officials for simulation of dump slope €
stability. Finite Element method and limit equilibrium methods are used to assess the i”i

stability of slope.

&™
)

)
\

@
@
¢ :
é
@

Figue 1: Surface Plan of the mine area é
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—
Slope stability of dumip in re-handling area

The overburden was durmped over an area. The height of this dump is 120m with 30m

bench height and 30m bench width. There was major failure occurred in the above

mentioned overburden dump. It has been recommended by scientific investigation

carried out earlier that the height of dump must be reduced for the stability point of view.
Therefore, overburden is being re-handled to comply with recommendation of scientific
investigation. The working and extraction in the above dump is termed as rehandling
dump area. The angle of dump repose of material is 37°. However, as the dump material

is consolidated with time, the angle of individual benches can rest on more than the angle

of repose. In the study the bench angle is considered to be 56°,

Department of Mining Engineering, IT(BHU) |
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simulation of existing mine condition

Figure 2 shows the layout of Rajmahal Opencast Coat Mines. Two Sections have been

taken to simulation the intermediate slope benches conditions of Rajmahal OCP. The €3
location of section is show in figure 2 and discretized view is showniin figure 3. !
; i

@

0

&
P

Figure 2: Surface Plan of the mine area Q

@

The result in term of factor of safety and shear strain is plotted in figure 4. The factor of é
safety has been obtained by numerical modeling is 3.06 and 1.99 for section BB’ and CC’ é
respectively. It indicates th_at the slope is stable for long term. The factors of safety has C
been determined by limit equilibrium are 1.782 and 1.81 for section BB’ and cc &
respectively (figure 5). It also indicate that the dump slope is stable. a
@

&
Department of Mining Engineering, IIT(BHLU) l g
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Section B-B'

Section C-C’

Figure 3 : Descritized view of dump slope of re-h

andling dump of intermediate
conditions
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fritical SRF: 3.0< (“:

Section B-B’

Critical SRF: 1,995

$ection C-C'

Figure 4 : Maximum Shear strain with factor of safet of re-handling dump of
intermediate conditions by finite element method

Department of Mining Engineering, TT(BHU)
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)
£
0

{«) Section B-B

Section C-C'

Figure 5 : Maximum Shear strain with factor of safety of re-handling dump of
intermediate conditions using limit equilibrium method.
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Siroegtstioe of Db it bee al e honrdbod e

The design of mine benches and slope profile has been collected from the mine officials. &)
The section has been taken for the detailed study for stability of dump (Section AA’). The 0
individual bench slope is 56°, height 3m and width 9m. The overall height of rehandting €)
area is 125m and overall slope angle is 15°. The simuiations have been done with the help &
of finite element method and fimit equilibrium method. 3

Material properties have assigned to the model as given in table 3. The complete model is
divided into two parts i.e. dump material, insitu rock. The discretized view final dump
slope is shown in figure 6. The result in terms of factor of safety and maximum shear
strain has been plotted in Figure 7. The factor of safety of the dump slope is 1.98 and 2.41

from finite element and limit equilibrium method respectively. It indicates that the slopes

are stable in long term.

B

) €
- ¢
\—+ ¢
- ul
e = \‘\

I
7
!
7;
Yy
-._..___Lé//
o s 6 6 S 5

Figure 6: Surface Plan of the mine area
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™y Figure 7 : Descritized view of re-handling dump slope at final stage(section AA")

Tritical SRF: ], o8

-
% Figure 8 : Maximum Shear strain with factor of safety of re-handling dump slope at final
D stage (section AA’)

2

Figure 9 : Probable Failure plane with factor of saf
stage by LEM {section AA’)

ety re-handiing dump slope at final

G
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Stntdation of Finat Benches Aang wit instu benclios

The design of mine benches and slope profile has been collected from the mine officials.
The overburden material has been dumped on solid foundation. The dump material was
failed along the fault and flowed in working area. The failed material is being re-handled

and dumped in other place to expose the coal below the insitu benches, A fault is also

passing through the insitu benches.

It was expected that the depth of insitu benches was at -5 MRL and location of fault is
also known. However, during the removal of overburden dump material the depth of
insitu benches varied from -5 MRL to -40 MRL at different locations. The location of fault
place is also varying. The general guideline is 100m bench width should be left between
overburden dump and insitu benches. Another factor which controls the stability of

benches is fault (F-8). The fault should be exposed during the mining so that the stability

~ of mine benches and overburden dump is stable for long term.

Therefore, another study has been carried out with varying bench width (from 25ni—
100m) between overburden dump and insitu benches. The individual dump bench slope
is 56°, height 3m and width 9m. The bench parameters in insitu benches are; slope angle

is 70 degree, height of slope is 6m and width of bench is 6m.

Material properties have assigned to the model as given in table 3. The complete model
has got two types of material i.e. dump material on top and and insitu rock beneath it.
The discretized view of dump slope is shown in figure 10. The result in terms of factor of
safety and maximum shear strain has been plotted in Figure 11. The factor of safety of the
slope varied from 1.51 to 1.49 from finite element method. It indicates that the slopes are

stable in long term and the width of bench between overburden and insitu does not have

any significant effect on overall stability. The failure circle has also been analysed (figure

12_l) tt;?\c;% thé th;t fﬁe sloprérgeréome ur;&éb!-é-_i_f_fﬁeidiﬁa‘;te‘bet\h;één toe of dump

slope and crest of insitu benches is less than 60m. If it is less than 60m then slip circle

passes through of durmp material.

Department of Mining Engineering, IITHBHL |
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Table 4 : factor of safety with distance between dump and insitu benches

—

Sr Distance between dump and insity Factor of safety by FEM
No | benches (Corridor width) in m

1 100 1.51

2 75 1.50

3 65 1.50

4 60 1.50

5 50 1.49

6 25 1.46

Department of Mining Engineering, ITT(BI {m
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{Corridor width = 50m between overburden dump and insitu benches)

(Corridor width = 25m between overburden dump and insitu benches)

Figure 10 : Descritized view of re-handling dump slope and insitu be

nches

Department of Mining Engineering, [ITBHU) ]
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Sl

{Corridor width = 100m} {Corridor width = 75m) e

cricical SRE; 1.5

(Corridor width = 60m)

{Corridor width = 50m) {Corridor width = 25m) .

Figure 11 : Maximum Shear strain with factor of safety of re-handling dump.
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.

i

£ Slope stability of internal dunp slope

i

) The dump overburden material has been assumed to be placed in a loose state which will
allow for any free water within the dump to drain out. It has been considered that the
;) dump foundation is horizontal and free-draining. Hence, a phreatic surface within the
0 dump was not considered in the modelling of dump slope. The height of individual bench

is 30m, width 45m and slope angle 37° is taken for simulation. The overall height of
internal dump is 200m and overall slope angle is 20°. The figure 12 shows the layout of

internal dump slope. Figure 13 shows the Descritized view of dump slope.

The results in terms of factor of safety by numerical modelling and limit equilibrium
method are shown in figure 14 and 15 respectively. The factor of safety is 1.53 and 1.528

from finite element and limit equilibrium method respectively. The slope is long term

stable as the factor of safety is more than 1.50.

R :

L

E

AL R T

Figure 12 : Surface Plan of the mine area

Department of Mining Engineering, IIT(BHU)j
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Figure 13 : Descritized view of internal dump stope foy final dump (Section D-DY

Tritical SRF: 1.53

Figure 14 : Maximum shear strain with factor of safety 1.53
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Figure 15 : Probable failure plan with factor of safety by LEM

Department of Mining Engineering, TTT(BHU) |
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(3
Safe distance between internal dump and mine working e
Figure 14 and 15 shows the probable failure circle of internal dump slope. It indicates that the €

failure initiated from bench and leads to hench failure. Therefore, the minimum safe distance
considered bench faflure is 30m. in the next simulation the large failure is considered. The )
minimum distance between internal durnp and working is determined by considering the residual

cohesion is strength equal to negligible and friction angle is 10 degree of dump slope. Various

models have been simulated at different internal dump height (30m, 120m, 150m, 180m and
200m). The yield element have been plotted to find out the minimum distance between internal

dump and mine working (figure 16-20). The recommended Minimum safe Distance (m) is shown

in table 5.

fe——{a8l——!

Figure 16: Yield Elements in the dump material at 90m height
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Figure 17 : Yield Elements in the dump material at 120m height
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Figure 18 : Yield Elements in the dumip material at 150m height
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Table 5 : Minimum safe distance at different dump height

2 120 124
3 150 152
4 180 170
s 200 210

F Department of Mining Enginecring, IIT(BHU) |
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"'5 4.0 MONITORING OF SLOPE
)
M} A major part of the slope stability monitoring program will be the regular inspection of

the bench faces and the crest areas for early evidence of slope instability. These regular

Ly

inspections should be conducted ideally by the same individual in order to maintain

D

) continuity of the observations,

D

B The purpose of monitoring for waste dump and mine slope is as follows;
;] & Maintain safe operating conditions.

| ] ¢ Provide advanced warning of developing instahility

2 ¢ Provide information about the. instability mechanism.

B ¢ Quantify displacements and rates.

Establish and maintain a record of facility performance.

The monitoring observations should be recorded in a diary/computer so that a record of

stability performance can be maintained for each stage of pit development. The

3 monitoring frequency will depend upon the stability of the slopes, the time of year, the
3 rate of mining, and the nature of the mining activities that are being conducted in the
) open pit. The slope monitoring prisms should be surveyed monthly during the summer
B and winter months, provided that the results of the visual monitoring indicate that the
Y slopes are stable. The monitoring frequency should be increased to weekly surveys during
the rainy season. Intensive slope monitoring should only be required when mining
i operations are being conducted in the vicinity of unstable portions of the open pit stopes.
Y 1. Visual Monitoring: The initial monitoring program include visual inspection of the pit
3 slope and dump slope, specially crest, slope face and toe areas for evidence of
cracking, seepage, erosion, deformation etc. It is recommended that the shift
ii Supervisor or field engineer visually inspect these areas. Other observations {cracking, — —~

seepage, erosion, deformation) should also be logged properly. Bench should have

gradient in any direction for proper drainage.

Department of Mining Engineering, HTBHL) l
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5 Conventional monitoring Technigue: Conventional prismi monitoring and automated
theodolites can be used to monitor the slope movement at low cost. The accuracy
and precision can be improved by increasing the number of measurements. Prisms
are installed on the_ slope at a regular spacing, 50m horizontally and 50m vertically,
and on critical areas throughout the open cast in staggered pattern. Locations of
those prisms should be measured every week but it should he increased (i.e on daily
basis) during rainy season or when any displacement is observed. The Survey
Departrent is responsible for maintaining the theodolites and prisms and for
collecting and storing the data. The rock engineers then analyse the data, looking for

significant movement, and report any potential areas of slope failure to the mining

personnel.

The graphs of displacement, velocity and vector movement should be plotted on
regular basis for each ends every prism. Movements should be checked in all three
directions (X, Y and Z direction). Displacement velocity should also be plotted for
prisms located in critical areas. The alarms sound when 30mm displacement or
50mm/2 hours velocity is recorded (Little 2006). If an alarm is sounded, the Survey
department should check weather this due to survey error. iIf not than Rock
engineering department should investigate the area of concern. if slope movement
occurs in a working area then it should be evacuated until it is declared safe.
permanent station along with prism can be installed a regular interval for better

accuracy and automatically monitoring by Robotic total station.

1. Robotic Total Station with automatic monitoring

- Trimble 7 1 Auto Rotating, Target Tracking, Searching, Prism ronitoring with report
of user define time interval. Create 3D Models.

- Leica Nova MSED: Digital Imaging and 3D scanning, 1" accuracy, automatic foous.

Depattment of Mining Engincering, TIT(BHU) |
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)
) 3. Advanced monitoring technique: Slope monitorihg Radars can be used for
) continuous 24x7 monitoring as well as live monitoring data analysis. For critical slope
{._:) monitoring, Radar is the best technology to predict slope behavior and deformation
m trend. Sometimes, Time of Failure can be predicted using inverse velocity method

analysis of Radar data. The system scans a region of the wall and compares the phase

measurement in each region with the previous scan to determine the amount of
movement of the slope. An advantage of radar over other slope monitori-ng
techniques is that it provides full area coverage of a dump slope without the need for
reflectors mounted on the rock face. The system offers sub-millimetre precision of
wall movements without being adversely affected by rain, fog, dust, smoke, and haze.
The real-time display of the movement of mine walls has allowed continuous

management of the risk of slope instability at mine level operations.

Advantages of using radar are-

2 e Broad area coverage {upto Skm)

8

Fast scanning using electro-magnetic waves perform

High accuracy (upto 0.2mm)

Live data and alarming system

Y

® But alf those can be achieved by-

2 e Selection of stable ground base for radar Installation

% ] e Proper installation of data transformation system (i.e. modems, antennas, repeaters
B and servers) to minimize the delay in data transfer.

) e Deciding the proper deformation limit for alarming system. Alarming system should

be In audio visual in the PMP and SMS/ mail in mobile phone,

data as well as to understand the slope behavior considering real/ erratic

deformation.

Department of Mining Engineering, HTBHU) ]
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€
Reutech Radar System
MSR 250: Movement and surveying Radar €)

e 3-Dimensional data point spacing
s At 1000 meters: 0.5m x 4.4m x 0.44m
e Measurement Accuracy: Sub-millimeter

Ground Probe {SSR) €1
SSR-KT

e 3D Real Aperture Radar

e sub-millimetre deformation measurement éccuracy

e SSR-XT is extremely durable

e highly mobile, Fast and flexible

e automatically generates a powerful, high-density 3D model of the mine

1DS GeoRadar

IBIS ArcSAR Performance:

e Scan range: up to 5000m

e Maximum coverage: 360° H x 120°V

e Resolution: 10 million pixels for full resolution scan
e 3D SAR1 and automatic DTM survey

Reigl VZ 4000
s Very long range up to 4000 m
s Wide field of view, 60° x 360°
s High speed data acquisition up to 222 000 meas./sec

o High accuracy, high precision

e Optional waveform data.output

The monitoring process is site specific dynamic. it starts with daily visual inspections of a
slopes, check of a ground water leve! as well as data from the monitoring system. Prakash
el.al. (2015) proposed time frame at which certain mgvemant has to be monitorng {table —

-
5). a
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Table 6: Sugpested monitoring frames

5r.No | Point undergoing movement Freguency of monitoring

1 Omm to 2mm per day Once per month

2 2mrm to 5mm per day Once per week

3 5mm to 10mm per day One every 2 days

4 10mm to 50mm per day Once per day

5 >50mm per day Require continuous observation |

Table 7: summary of the movement thresholds suggest by various authors

Author Movement thresholds Aclions Description
Martin (1993] 0. 1mm/day {0.004 mm‘hr) Inital rock mass response
0.2 to 2 mm/day {0.008 to 0.08 mm7H) Straln hardening

10 - 100 mm‘day (or more) (0.4 - 4. 1mm/'hr)

Progressive fafure

lEIoras and Karzuovic (2001)

Less than 10mm/day (0.dmm/hr)

Conditlons notmal; no Indication of sl abiiy

10 - 30mm/day (0.4 to 1.25mm/hy)

More datalled moniicting requited
Appearanca of cracks

Potential Tor insTabikly af ongoing for fonger
than 2 weeks)

30 - S0mmVday (1.25 - 2.1mmihr)
More than S0mmvday (2. T mmR

No mining anowsd

0.Tmm/day (0.004 mmie

Initial responsa

Less than {7mm/day (6.71 mm/hn

No failure expecied wihin 24hrs

Less than 15mm/day (0.63 mm‘hyd

No fallure expscted within 48hrs

More than sommday (2.1 mm¢hr)

Indicates progressive faflure (lotal collapse
expectad within 48 days)

More than 100mm/day (4.2 mmdhir)

Clear mining arga {Progressive gaomelry and
progressive velocity)

150mm/day (6.25 mm/hr}

Clear mining area (Hegressive geomaity)

Msmlth and Wessels 12005)

B84 mm/day (3.5mm'hr)

Alert :Increase monitofing assessmenis

120 mmvday {5 mm/hr)

Alarm : Inform operations

<4l mmvday (10 mavhiy

ocram evacuation

ﬁux. Terbruggs and

0.1 mnvday (0.004 mmvhr’ Tor 3 days |

Bedenhorst (2008) downward vettical movement Red alort
0.2mm/day (0,008 mm/hr) Evacuate
0.5 mmvday {002 mm/h} fof 10 days,
horizontal movement Orange aleri
1.0 mnvday (0.04mm/hr) for 3 days;
horizontal movement Red alart
2.0 mnvday {6.08mm/hr) hoizontal
movament Evacuate

Sullivan (2007)

0.1 - 0.25 mmvday (0.004 - 0.01 min/hr)

Delinte movement of slope related 16 shear of
displacement on structures

0.25 - 0.6 mm/day (0.01 - §.02 mmVhi)

Likely to fail sometime in Iuilire

1 mm/day {0.04 mmhr)

wore than 1.0 mmwday >0.08 TIVIH)

High chance of failure
PreTallira Collapss mow BTRaniE

Department of Mining Engineering, I'T(BHU) |
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&
5.0 CONCLUSIONS AND RECOMMENDATIONS &
The stability of dump slopes was carried out for Rajmahal Opencast mine, Finite element o

method and Limit equilibrium method has been used for analyzing the dump slope for
different geo mining conditions. The factor of safety of 1.2 to 1.5 has been taken as short
stability & Factor of safety > 1.5 for long term stability.

Two cases of dump slope stability have been carried out in the present work. First is slope
stability of slope in re handling dump area and other is slope stability of internal dump
slope. There was failure in the overburden dump slope. It has been recommended by
scientific investigation that the height of dump must be reduced for the stability point of
view. Therefore, overburden is being re-handled to comply with recommendation of
scientific investigation. This is terms as re-handling dump area. The conclusions and
suggestion of the present study are summarized below.

o The minimum factor of safety for existing mining dump condition is 1.72. 1t
indicates that the present condition of dump slope is stable.

e The factor of safety of final dump slope of rehandling area is 1.98 and 2.41 by
FEM and LEM. It indicates that the dump is stable for long term at present
configuration.

e The factor of safety dump slope is 1.53 and 1.528 by FEM and LEM. It indicates
that the dump is stable for long term at present configuration.

® _The recommendation for bench height and width for re-handled dump is given

helow in table:

i Re-handed 3 ] A i5

dump

Department of Mining Engincering, IIT(BHCT—)—“
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)

ey ® The recommendation for bench height and width for over burden dump is given
m} below in table;

oy

o i 1 Overburden 30 37 as 20 ]
|

The minimum bench should be left between overburden dump benches and insity
benches,
" The dumps should be developed by keeping a safe distance from the toe (at the
lowest level) of the dump to any permanent structure/instaI!ation/working to

avoid any damage near the toe of the dump. The minimum distance is depended

on height of dump slope. The recommended minimum distance is given below in
table:

5 200 i [ —

_ Adequate infrastructure to be provided for imparting training on slope stability

1o all concerned person employed in such large open cast mines. Techiical ~

competence of the contractual supervisors shall be appropriately scrutinized

before deploying them in the mine.

Department of Mining Enginecring, HTBHU) |
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"‘m’.

o

e The fault will be exposed and rock mass near the fault can be observed during the

excavation in insitu. It is likely that the rock mass near the fault is disturbed.

Therefore, itis recommended that the rock mass near the fault must be observed

during the excavation. If the rock mass is disturbed near the fault then the design

g o—

iy

- A

of bench in terms of height and width shall be freshly carried out based on
scientific study. It is also recommended that the fault plane should be excavated

and removed through benching.

e Each stage of dump should be compacted by compactor/HEMM for better

inherent strength of the dump material.

@

e Proper levelling at the top of the dumped material should be done to minimise the
infiliration of water inside the dumps. Care must be taken in the construction of
dumps to ensuré that there is no impoundment of water on the top of the dump
because it is highly detrimental to dump stability. A proper gradient helps for quick
run-off of water. Care must be taken to avoid saturation of dumps by ensuring
that the infiltration is minimised. The flooding of the dump edges/dump toe
should be avoided. The dump base should not be in continuous contact of water.

e Proper léveling of the dumped material should be done with the help of dozer. 1t

will help to consolidate the dumped material and will minimize the infiltration of

water inside the dumps. The upper slope surface, immediately behind the crest, is
an area of considerable potential danger. The water, which is allowed to pond in
this area, will almost certainly find its way into the slope through cracks and

fissures. Grading of this surface will enhance run-off of any collected watet.

e & & @

e The vegetation is certainly the best method of slope surface protection, as they
will bind the surface together. In turn, it will reduce surface erosion considerably
and will tend to inhibit the entry of water into the slope, The biological
reclamation of the dumps should also be done by planting the local self-sustaining

“plants on the finat dumps. tincreases-the-stability -of dumps. 5ieps should be
taken to ensure that the stability of the dump should be progressively increased by

remedial measures, like vegetation growth, drainage and benching.

Department of Mining Engineering, ITBHU) l
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[

]

The dump foundation should be kept in drained condition. The gradient along the

floor of the dump should be properly maintained for free flow of water. There

should not be any dumping in a pool of water or on slushy ground.

Dump floor also influences the stability of dumps. If the foundation of dump is

smooth/slippery, the foundation of the dumps should be roughened for better

binding between the floor in-sity material and dumped material,
The first sign of instability is a tension crack. So, it is important to carry out regular
inspection to detect the development of tension cracks on the crest of the slope as
well as on benches and to carry prompt remedial measufe. They may develop as a
function of toe cutting and high water pressure in the dump. The opening of cracks
will tell whether, pick Up any seepage, their position should be marked with stakes
and that point should be inspected during all inspections. If the inspections detect

cracks or other sign of instability then the stability of the dump should be reviewed

and remedial measures should be applied.

Slopes do not fail without warning and may be managed through design of
sequencing, resloping of selected areas to shallower.angfes, and carrying out
monitoring. Slope monitoring should be established as part of the monitoring and
geotechnical program for the site. A special monitoring organization cel| should be
created under the responsible officer for supervising and implementation of all the

protection measure and abnormal seepage of water in quarry indicates the danger

of slope failure.

The monitoring program should include visual inspection of the pit slope and dump
slope, {specially crest, slope face and toe areas) for evidence of cracking, seepage,
erosion, deformation etc. It is recommended that the shift supervisor or field

engineer to visually inspect these areas. These observations {cracking, seepage,

erosion, deformation) should also be logged properly. Continuous slope monitoring

is essential to detect any instability in advance to safeguard against possible slope

failure. The dump shall be regularly surveyed to produce up to date & accurate

dump geometry,

Department of Mining Engineering, ITBHU) |
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e The monitoring should be done using Total station and Laser scanner (Reigl VZ
4000). The theroshold value for slope monitoring and interpretation has given in
table 6.

e The Monitoring by Total station should be done on weekly basis and physical
inspection on daily basis. The monitoring stations should be installed at an interval
of 100 meter in staggered manners so that effective gap between two stations of
two immediate upper and lower benches would be 50 meters only. If any

movement is observed then the frequency of monitoring should be increased and it
shall be immediately informed to higher management. |f the symptoms are

abnormal, it must be referred to DGMS authority and the work should be stopped

till further instruction from statutory bodies are obtained.

Department of Mining Engineering, IIT(BHUﬂ
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1.0 PROJECT PROFILE

11

1.2

thickness'and dips gently {usually 2° to 3°

Introduction

Project Report for Rajmahal opencast was originall
capacity of 5.0 MTY, The project was subhse
the PR for which was sanctioned

vy sanctioned in August, 1980 for 3 rated
quently expanded to a rated capacity of 10.5 MTY,
in Novernber, 1888. This PR based on the project documents
of Rajmahal-A OC Mine (10.5 MTY), prepared by METCHEM, Canada Inc. in Sept. 1887.
Subsequently, 8 Revised Cost Estimate of Rajmahal OCP (10.5 MTY} was sanctioned by the
government in July, 1993,

The Projection Report for Rajmahal Expansion ocp {10.5 Mty to 17 Mty) has been prepared
based on the projection parameter of the Expansion projection for 17 Mty,

Scope of the waork
Scientific study of Dahenangi Patch for

a). Slope Stability analysis of Dahenangi Patch

b). Design of bench height, width and uitimate pit slope

1.3 Geology and hydrogeolopy

Rajmahal OCP lies within Lalmatia Exploration Block
has been explored by CMPDI. The geological re
considering the data from 200 boreholes. T
approved PR of 10.5 MTY capacity.

which covers an area of 15 $q.Km. and
port of the block was published in March 1984
his geological repot forms the basiz of the

Altogether eight persistent coal horizons of Barakar formation have been identified in the

block. The seams, from bottom upwards are seams |, Il {Bot), 1l (Top}, 1, IV, IX, X & XI. The
seams I} (Bot), Il (Top), It merge and split of seams within the area to from various
combinations. These seams are also highly inter-banded in nature. More than 95% of the
reserves in the block occur in the seams || {bot), Il (top) and
combinations, Seams-I Is not developed properly in the geological block except in the central
part. The approved project report does not include seam-} In the quarry proposal. Therefore,
the floor of the seam-I| (bot) form the base of the OCP as per the approved PR,

Il along with their various

All the seams are incropping in the a{?faﬁﬁl,lﬁng_e_r;i:_t_hi_g_kia”rwigm_gpygr__gf_ﬁm__tg 35m-in -

) toward east. However, higher dips upto 10°is alse

naticed in the vicinity of structure disturbances partlcudarly in the area lying south of fault F,.

Y
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it Regonal Geolagy

tontact on the Archeans which Jie fowards w
Talchir {underlying the Barakars) and Dubrajpu
found exposed in parts of these coalfields.

1.3.2 Geology of the Block

Sequence within the block is as follows,

W OW W W v W U

; S Wy w W W ow w W W @y WO W Wb G WP

Table 1: Stratigrapbie sequence of Lalmatia Biog )
rﬁr—oup Formation . Mthology Thickness
‘ Range{m)

Recent to Alluvium UNCONFORMITY 0-15
Sub-recent

Upper Rajmahal | Rajmahal volcanlc and | &p
Gondwana Traps inter-trappean sanhdstone

and shales.
UNCONFORMITY

Lower Barakar Coarse to medium | 25-350
Gondwana

Erained sandstone with
shale and coal

Coarse arkosic | 15-°50
sandstone, pebbly at
places

Talchirs Sandstones and | 10-20

shalesTillites
UNCONFORMITY

Granlte gnelsses,
hornblende Schists and
pegmaties

1.3.3 Coal Seams -

Twelve co-relatable coal sears have been deciphered from the borehole data within the block.
These have been named as seam-i to searm-XI! in ascending order. Out of these, five seams_
- - hamely seam-V-to seam-Vill and semm ()] show. Seams IV to XIt have been found only in areas

south of Fault F8 which down throws southwards by 60m whereby preserving additional

thickness
of sedimentary.

17 normal faults have been postulated within th
Taults, namely Faults Fi, § 8, 11, and 15 a
Interpretation, the southern half of the block ap

e block. Among these, five southward heading
re of major magnitude. As borne out of the

Department of Mining Laygincering 1T113) i
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1.3.4 Hydrogeology

Five aquifer hotlzons have been ldentified in the block as pet the hydro-geclogical investigation
conducted in the Lalmatia block bv CMPDI. The projected make of ground water discharge during
the 6" year was original estimated by CMPDI as 8.4 MGD. However this was later revised to 3.92
MGD {during 6™ year) | July, 1991 based on further studies conducted by CMPD!. The detailed
hydrogeological Investigations have been conducted by CMPDI In the Rajmahal project area and a
report on Hydro geological investigations has been published in November 1994. Later {in july,
1991} a repart on the Advance Mine Dewatering Arrangerments at Rajmahal Project was published

by CMPDI based on further studies.During the studies, five rajor aguifer systerns were identified

as follows. ,

Table 2 © Major aguifer system in Rajmahal pro}eri

Aguifer Disposition

si. | Aquifer tithology Confining beds Nature of

HNol - N DR S U . ¥: 1V 7\ T
1 | Water table Clay slit and sand Unconfined

Aquifer
2 Aquifer-itl Sandstone Top clay and seam-lil Confined to
semi-confined

3 Aguifer-llA - Sandstone seam-ii and Seam-li{top) confined

4 | Aguifer-li Sandstone Seam-H{top) and seam- confined

ti{bot) '
5 Aquifer-lA Sandstone seam-il (bot) and seam-| confined
6 | Aguifer-| Sandstone confined

From the sump tests it has been calculated that the permeability of over burden is in between
2m/day to 3m/day and the specific yield is 15% whereas, for the lower aquifers, the permeability
ranges from Sm/day to Bm/day and the storability is 14X10.5.

1.3.5 Climate

The area is characterized with fild to moderate, tropical to sub-tropical climate, with cold
winters and fairly hot and dry summers

buring pre-monsoon, light rain Is noticed and during monsoon 80% of annual rall fall occurs
and weather is cooler due to rains.

The meanof maximurn temperature is 30.70°C and meaﬁﬁf?ﬂnﬂmwtempefamﬁs-&asan—@«— —
and the average of the maximum and minimum i5 22.8°C.

1.4 Location

Department of Minmng, Fagincering. T oy




—

J
!—-:i

v
"_f
r}".’-"
=)

=

O

1)
—

8 Rajmahal opencast mine, under the administrative control of ECL is located in the Godda
district of Jharkhand. 1t lies between fatitude 24° 1" 12" N and 25°03” 15’ N.and longitudes 87°
by 25"0"E and 87°24” 52" E. the site of Rajmahal Opencast mine is accessible by road from Suri
) {120 km. to the south} or from Sahibganj (50 km. to the North-East}. Its nearest rallway station
) is at pirpainti approximately 32 km. North of the area.

2

) 1.5 Mining System

The proposed mining system envisaged deployment of shov
coal praduction and OB removal. The thick(
mantle and above the coal seams which

el-dumper combination for both
15m-35m) mantle of alluvium cover and weathered
has been called as consolidated OB in the Project
Report have been proposed to be worked by 20 m’ long reach Rope Shovels in conjunction
with 170T Dumpers A thickness of Up 1o 20m of the unconsolidated OB was envisaged to be
excavated by 20m’ jong reach Rope Shovels standing on the hard figor at_the top of
consblidated OB by deploying. hydraulic Excavator with a 4.4/5m* backhoe bucket of 12m
digging depth (basic machine same as 12m’Hydraulic Shovel),

The balance waste material in the form of parting and bands was proposed to be removed by
12m* Hydrautic shove! in conjunction with 857 Dumpers.

For coal production, 10m® Rope shovels and 12m? H
3 coal body dumpers.

vdraulic shovels were propased with 85T

1.6 Mine Boundary

As per the approved PR the mine area has been delineated within a maximum OB: Coal
thickness ratio of 3.4 :1 at the floor of seam-Il (bot) so as to restrict the operations within a
maximum stripprng ratio of 2m’. Per te. This has resulted

in the exclusion of the following
seams/areas.

{a) Seam-! in the central part of the deposit where it |s developed with a thickness of 2m to 6m
below a parting of 13m to 34m with the overlying seam-I|.

(b} Northern and eastern part of the block and
{c) Most of the coal under Lalmatia hill (68m-104m high)

The mining block as delineated in the approved P.R
initial mine area which includes the incrop Zone (i) t
- -~ ares generally bounded by fallt ¥, and i,

year mine plan due to the deep seated hi
mine,

was grouped into three areas, namely (i)
he main mine area and {iii) the deep mine
The deep mine area was also excluded from the 25
ghly faulted coal seams rendering them difficult to
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1.7 Reserves & Stripping Ratio
The geological reserves of the approved P. R as estimated by M.Ss. METCHEM was 483.04 M1

including a reserve of 97.22 Mt in the deep mine area. Out of the above mineable reserves,

240.10 Mt was proposed to be exploited up to 25th year of the OCP with an average stripping
ratio of 1.57 m'/t (for the first 25 years).

1.8 Quarry Boundaries
The quarry boundaries of the present Project Report (17.00 Mty) has been kept almost the

same as the boundary envisaged in the approved P.R. (10.5 MTY) except in the following aress.

i) a portion of the incrop zone lv:ng to the west of Lalmatia hill which was a part of the mine
" take area in the approved P.R (10.5 MTY) could mot be worked due to prablems Cencountered

by heavy earth moving machinery in working over the developed workings. About 0.6 Mt of

coal could not be mined. The area has now been blanketec by OB dumpling.

ii) As per approved P.R, a small part of the Lalmatia bazaar village was falling within the OCP

excavation area the boundary of the OCP has been modified In the present report 5o as to skirt

this village/bazaar area by a distance of about 100m.

i) The limit of the OCP has been marginally withdrawn towards the north in the foothills of

Gandheswari hill occurring in the south of the OCP to avoid excavation in Gandheswari

hill/forest area.
iv) Dip side boundary has been extended upto 1.5 cut of ratio line.

v} About 14 Mt of reserves of the deep pit area have been added to the reserve at an average

stripping ratioof 1.6 cum/fi.

1

Depastment of Mining Eagincering. H]’(BHL‘)’]
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LB Dump creation and dumyp faitures at Hajmahal OCp

An old dump was present on the north side of present working outsourced patch allocated to

M/s MIPL-NAKS {IV). The height of the durmnp was approximately 40m -98 m from solid bench,

The dump is spread aver old excavated area on up throw side of fault.

Further dumping aver the above said existing dump was carried since 2007 onwards.

An accident had occurred in the Rajmahal OCF at 7.30 PMm on 29,12.2016 in the deep mining
area while operations were g0ing on to remove loose overburden {re-handling) in the southern

side of the mine. The operations were belng earrled out through outsourcing agency namely

M/s. MIPL/NKAS. While removal of loose OB was Boing on, a Iargfz area measuring about 600m

X 110m slide down by 30 m. It feads to trapping of men and rachinery working on the site in the
overburden material,

¥ O 0

T e
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2.0 METHODOLOGY OF THE STUDY

The stability analysis was done by finite element method. This method has been used to
assess the failure mechanisms and to deterrﬁine the factor of safety. This technique |s widely
used to perform stability analysis where the condition are complex and possible
consequences of fallure are significant. Modeling has advantages that design ideas can be

tested, different material properties can be evaluated and risk analysis carried out.

2.1 Geotechnical Assessment of Dumip Material

_The mine is being worked by shovel-dumper combination. The stability-of the slepe primarily ——
depends on the strength properties of the dump material, orientation and geology of the
dump foundation, infiltration of the rainfall, drainage and groundwater condition within the

slope.

The Factor of safety of 1.5 has been considered for long term stability of the dump slope.

However, due to previous accident in Rajmahal OCP and various uncertainties and discussion
with competent authority and mine officlal, the Factor of safety more than 2.5 has been
considered as long term stability for the present study. The angle of repose was considered
to be 37°. The stablility analysis has been carried out to determine the safe dump slope
configuration. The foundation of the external dump should be hard strata. Each stage of
dump should be consolidated by compactor for better Inherent strength of the dump

material.

'S EEER R

Engineering properties of the dump material are important in analysis for slope stability.
samples were collected from mine area snd tested in the laboratory. Table 3 shows the

material properties used for simutation of dump slope of Rajmahal Overburden. The data is

obtained by testing in the laboratory investigation and Hterature survey.

Department of Minng Engrineering, it ij
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Tahle 3: Geotechnical properties of dump materipl.

CHCHS

Properties Cohesion Friction angle | Modulus of Poisson | Density
) (kPa) {degree) Eiasticiw Ratio
gm/fce
/m) (MPa)
- Type of Material
i) Overburden : 46 31 800 0.32 1.8
Insitu rock 1000 36 2000 0.28 2.4

2.2 Numerical Modeling {Finite Efement Method)

The Nurnerical modeling is widely used to compute stresses and displacements in structures

caused by applied load. The method is particularly usefuf for complex problems. The stability

W v w

of a slope cannot be determined directly from finlte element analyses, but the computed
stresses in a slope can be used to tompute a factor of safety. Phases? based on finite

element method has been used to calculate the factor of safety by shear strength reduction
' technique,

)
»

The shear strength reduction technigue has two advantages over the conventional approach.
The critical failure surface is found automaticatly and it is not necessary to specify the shape of
the failure surface. To perform slope stability analysis with the shear strength reduction
technique, simulations are run for é series of increasing trial factor of safety, F"™ (Griffiths and
Lane, 1999) The actual shear strength properties cohesion {c) and internal friction angle (@) are

reduced for each trial according to the equations 1 and 2. I the muitiple materials are present,

the reduction is'made simultaneously for all materials. The trial factor of safety Is gradually

- ..increased untilthe siope fails. “At failure, thesafety Tactor equals the trial safety factor. The
factor of safety is defined according to the equation

I

il
C };‘mal

&
w1}
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¢rrruf - arctan(

tan ¢ )

Fw triaf (2)
The numerical mode! of slope has been developed based on finite element method and finite
difference method. The key success of numerical modeling is to consider the representative
constitutive behaviour of dump material. it has been observed from the literature that dump
(soi!) behaves as a non-associated elasto-perfectly plastic material. Generally, it obeys Mohr-

Coulomb yield function. It can be expressed as:

Gy = 20[—%1 + Ga(m—-—-—1 Al s?n(q)))
1 -8in(0) 1- sin(¢)

Where, C and @ are cohesion and internal frictional.angle .. .-

o, and o, are principal stress

The factor of safety generally used is in the range of 1.2-1.5 for open pit mines. This factor ot
safety could either be directly calculated based on limit equilibrium method of indirectly by
numerical modeling based on strength reduction technique. The factor of safety must be
greater than 1 for stable siope. Due to uncertainﬁes involved in determining the properties of
material, leaving some of the parameters in simulation for simplification and presence of
some external factors that are not considered for simulation, it is advisable to have minimum
factor of safety of slope as 1.5, The ranges of minimum total factors of safety as pmposed-by
Terzaghi and Peck and the Canadian Geotechnical Soclety are given in Table 4 {Duncan and
Christopher 2004). Keeping the above discussion in mind, Factor of Safety of 1.2 to 1.5 1s
considered as short term stabllity and Factor of Safety of 1.5 and above may be considered
for long term stability. However, due to previous accident in Rajmahal OCP Aand various
uncertainties and discussion with competent authority and mine official, the Factor of safety

more than 2.5 has been considered as long term stabllity for the present study.

Department of NMinmp Fagincering. Ii]_l'ﬂllkj §
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Table 4: Vatues of MHDimn satety

9,
E

attors {Duncan ang Christopher 2004)

Fallure type Category factor H

o
Safety
13-1.5

Earth retaining 15-20

MM
Shearing Earthworks :

structures, excavations

MMM
F

oundations

e ]

v e w
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3.0 STABILITY ANALYSIS

Figure 1 shows the surface plan of Rajmahal Opencast Coal Mines. The Sections along the
mine dump have been taken in consultation with officials for simulation of slope and dump
stability. Finite Element method is used to assess the stability of slope. A major failure of
slope has taken place in the year 2016. Three scenario/cases have been analysed. First set of
analysis has been carried out forl pre fallure case. This has been carried out 50 that medels
are validated and to ensure that assumptions are cofrect. second set of analysis is for
present condition {patch work). In the final set of analysis, final design of bench width and

height (as proposed by mine officials) has been simulated.

Figure 1: Surface Plan of the mine area.

Department of Mining Lngineesing. TrTRiL) i
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)
S 3.3 Simulation of Failed Dumyp
2

Dump siope has failed in Dec 2016, The dump slope before failure has been termed as profile
) before failure, After failure it has taken another profile shape. Based on recommendation of
) HPC (High Powered Committee) the profile of dump is being altered The present scenarlo is
D

The factor of safety is varied from 1.1to 1.35 (}t_ab_llgé__)‘:_”__llt shows that at some section the

stope is not stabie and it may fail if the tonditions are adverse,

o MgEh

i

|
=

[ Figu

re 2: Mine plan of dump {Plan mo EC&/MML/QQP/DMZI&M dated 04/05/2018)

@
|
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{a) Section at 189100E grid line
{Pian no. ECL/RJMLIOCP/DMZ/BM
dated 04/05/2018)

(b) Section at 1892008 grid line
{Plan no. ECL/RJML/OCP/DMZ/341
dated 04/05/2018))

(¢} Section at 189300E grid line
{Plan no. ECL/RY MLIOCPIDMZ/BAI
dated 04/05/2018})

e 1 .eom

{d) Section at 188400E grid line
(Plan no. ECL/RIML/OCP/DMZ/4
dated 04/05/2018))

{e) Section at 1B8BSO0E grid line
{Plan no. ECL/RIMLJOCP/DM2/341
dated 04/05/2018})

(fi__Saction at 183000E grid line
{Plan no. ECL/RIML/OCP/DMZ/341
dated 04/05/2018))

Figure 3: Section of dump slope before failure

Department of Mming, Tnpincering, 111 TR
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() Section et 189100¢ grid line
{Plan no,
ECL/PUI\’EL/OCP/DMZ/M1
dzied 04/05/201¢8)

{b) Section at 189200¢ grid tine
{Plan no. ECL/RJML/OCP/DMZ/341
dated 04/05/2018))

{c} Section at 1B9300E grid line
(Plan nao, ECL/PJML/OCP/DMZ/341
dated 04/05/2018))

{d} Section at 180400F grid line
{Plan no. ECL/RJML/OCP/DMZ/341
dated 04/05/2018))

{e) Section at 188900E grid line
(Pian no. ECL/RJML/OCP/DMZ/341
dated 04/05/2018))

{f} Section at 189000F grid fine
{Plan no. ECL/RIML/OCP/DMZ/341
‘dated 04/05/2018))

Depariment of Mining Engincenng, HT(BHU]) )
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Figure 5
safety before fallure

Critical SRF: 1.24

Critieal SRF: .32

{a) Section at 1851070 gric line
{Fizn no. ECL/RIMALfOUR/DNZ{341
dated 04/05/2018)
Factor of safety = .10

(b} Section at 185200t grid line
(Plan no. ECL/RIML/OCP/DMZ/341 ‘

dated D4/05/2018)
Factor of safety = 1.11

(c) Section at 189300E grid line
{Flan no. ECL/RJML/OCP/DMZ/BM

dated 04/05/2018)
Factor ¢ safety = 1.35

{d) Section at 1B9400E grid line
(Plan no. ECL/RIML/OCP/DMZ/341
dated 04/05/2018)
Factor of safety = 1.28

(e} Sectlon at 188900 grid line
{Plan no. ECL/RIML/OCP/DMZ/341

dated 04/05/2018)
Factor of safety = 1.24

(f} Sectlon st 1BS000E grid Hne
{Plan no. ECL/RIMLIOCP fDMZ/341

pAaximum Shear Strain facior of

dated 04/05/2018)
factor of safety = 1.22

[ —
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Tabile 5 factor of sefoiy of difierent vt DA Teray

189100
189200
189300
189400
188900
189000
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Fipure 6-7 shows the varicus sections along. the Mine dump for patch e and existing condition.
These sections ar¢ used for the simulation of dump slope. The simulations have been done with
the help of finite clement method ‘PHASEY coftware and used for celeulating the factor of safety
of dump slope. Factor of safety has been cxleulated by strength reduction technique. The factor of
sefety includes a margin of safety to guard against ultimate failure, to avotd unacceptable

deformations, and to cover uncertainties associated with the measurement of soll properties or

the wnalysis used.

The figure 8 -9 show descritized view of dump slope by finite element method. The factor of

safety has been calculated for patch work. The results in terms of maximum shear strain and

factor of safety has been shown in figure 10 -11.

The factor of safety of current condition varied from 1.08 to 2.7. It indicates that the some of the
section in dump slope is stable for short term. One can also observe that the failure is Initiated
malnly in failed dump material. The failed material has very less shear strength and modutus of
elasticity therefore the displacement s high and that has leaded to crack generation in the dump

material. It is recommended that overburden can be excavated from top to bottom and crack

should be filied before rainy seasot.
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{e) Section along 189000 grid line (Plan no, ECL/RJML/OCP/DMZ/BM)
Figure 6{a, b, ¢ .d & e):

Sections of patch work ang present condition {Pian no
ECL/WML/GCP/BMZ/BM dated 04/05/201&]
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{g) Section along 189200 grid line (Plan no. ECL/RIML/OCP/DMZ/341)
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{i) Section along 189400F grid line (Plan no. ECL/RIML/OCP/DMZ/341)

fFigure 7 {1, g ,h & I): sections of patch work and present congition {Planwo
ECL/RINL/OCP/DMZ/341 dated 04/05/2018)
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(f} Sectlon along 188100E grid line {Plan no. ECL/RIMLIOCP/OMZ/341) . I
| {g) Section along 188200E grid line (Plan no. ECL/RJMLIOCP/DMZ/SM) B
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" {7} Section aiong 188300 grid line {Plan no. ECL/RIML/OCR/DM2/341) - i

i) Section atong 18BA00E grid fine (Plan no. ECL/RIML/OCP/DMZ/341)

“Figure 9 (e, {, g, h &1) :Descritized figure of dump material after faliure, current

_condition and recommended by HPC {Plan no ECL/RIMLIOCP /D2 /341 dated
- 04 fO5f201R)
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° B T T —
: Dump Helght = 30 m

) Bench slope angle = 57"

- Overall Slope angle = 17°

: Bench Height =3 m,

5 Bench Width=9m

{b) Section 188700

Dump Helght =54 m

£ T A gy b et g Y ks o e

Overail Slape angle = 15°

Bench Helght =3 m,
B Bench Widthe 8 m
Criticsl SRF: 1.8¢ (c) Section 188800
B Dump Height = 8BS m
i Bench slope angle = 57°
E Overall Slope angle = 16°
P Bench Height =3 m,
. Bench Width=9m
3 B T ‘ {d) Section 188900
Crivicel SRF: 2.14
; Dump Helght = 84 m
® Bench slope sngle = 57°
9 Overall Slope angle = 16°
_ - {-Bench Helght «3 m,
b | Bench Width =g m
y Critical SRF: 2.7 R -:'-':" (e) Secﬂ?n 485000
Dump Helght = 97 m -
{@ ] Bench slope angle =57° |

Overall Slope angle = 16°
Bench Helght =3 m,
Bench Width=9m

Flgure 10: Maxlmum Shear straln snd factor of safety with detall of the models at present
congditions {Plan no ECL/RIML/OCP/DMZ/241 dated 04/05/2018)
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Craticel DR

.76 [f) Socthon 189100

pump Height = 117 m
gench stope abgle =57°
Overall Sope angle = 16°
Bench Helght 53 i, Baneh
Width=9m

{g) Section 189200

Dump Helght = 124 m

Bench slope angle =57°

1 overall Slope angle = 167
1 Benth tHeight =3 m, Bench
Width=9 m

Critical SRE: 1.37 : (h) Section 189300

Duwmp Helght= 124 m
Bench slope angle =57
Overall Slope angle = 16°
Bench Helght =3 m, Bench
Width =9 m

Critical SE¥: 1.0% 0 Section 183400

bump Helght = 120 m
Bench siope angle =57°
overall Slope angle « 14°
Bench Helght =3 m, Bench
Width=92m

Figure 11: Maximum Shear strain and factor of safety with detall of the models present
—o | conditions {Pian po ECL/RIMLIOCP/DMZ/341 dated 04/05/2018)

Depariment of Muniug, Engineenng, HT(Bl“"




Fa f? :‘_’_:}

I

2

»
»
)
3
»
3
3
3
3

v o W

S o Jaliie o foop SETERY PO TP it

T3S0 Uit ge RS

The design of fina! mine Beriches end slape rofile is coli

“ted from the mine G
ECL/RJML/OCF/DMZ/S!‘.1 daled @

study for stability

flicials {Flari no

ken for the detalled

4/05/20]8). Nine sections haye been 5

€ 12-14 shoy, dump profile 31 sertipn 1E88600E,
» 189200¢, 188300¢ and183400r, The simulations

method (figyre 15). ‘PHASE > software has been
used for calculay

The dump overburden materja

divided into two parts { e, dump
been tabulated {table 6)
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(&) Section along 1£8600E grid line {Pian no. [CL/RJMLJOCF-‘/DMZ/BM)

(B} .Sectiun along 188700E grid line {Plan no. ECL}R)ML/OCP/DMZ/341)

no, ECL]RJMLIOCP[DMZB&‘H

{c) Section along 18800E grid line (Plan

_Flgure 12 {2, b & c}: Sections for final deslgn
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{f) Section along 189100F grid line (Plan no, ECL/RIML/OCP/DMZ/341)
Figure 13(d, e & {): Section for final design
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(g) Section along 189200E grid line (Plan no. ECL/RIML/OCP/OMZf341)
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{) Section along 189400E grid line {Plan na, ECL/RIML/OCP/DMZ/341)
Figure 14 {g, b & 1): Section for final design
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2 {a) Sectlon along 188600E grid fine (b) Section along 188700¢ grid line
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{d) Section along 1889
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{c) Section along 188800¢ gridiine
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(a) Section long 189400E grid line ‘
Flgure 15: Descritised model of final design (Plan No ECLIR)ML/OCP/DMZ/MI dated
04/05/2018) . _
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Crivaee) 83 2,39

onhg 188600E grid line {b) Section along 188700E grid line

Critical SET. 2.BY

{d) Section along 188900F grid line

{e) Section along_189000E grid line ~'{f) Sectlon

critdcal B 3

along 189100E grid line

Cxivical SRF; 2.7

critical £8F1 3,65

{h) Section along 189300E grid line '

(g) Section aiong' 189200F grid line

Critleal SRF: 2.70

{1) Section along 185400 grid line

Figure 36 : Maximum Shear strain

and factor of safety of the final design
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Teble 6: Detalle of the modd of final desipn

sr. | Modcl details fors dump T T Factorof |
_ Rafcty
‘1 | section 185600 ST e
Dump Height = 30 m, Overall Slope angle = 17° 3.19
Bench slope angle = 58° Bench Height =3 m, Bench Width = 9 m
2 | section 188700 e S
Dump Height = 42 m, Overall Slope angle = 16° 3.08
Bench slope angle = 58° , Bench Height =3 m, Bench Width = 9 m
3 | Section 188800 O
Dump Height = 48 m, Overall Slope angle = 16° 2.73
Bench slope angle = 58°, Bench Height =3 m, Bench Wldth 9m
4 Section 188900
Dump Height = 54 m, Overall Slope angle = 16° 2 B3
Bench slope angle = 58°, Bench Helght =3 m, Bench Width = 9 m
|5 | Section 189000 ‘ T
Dump Height = 69 m, Overall Slope angle = 16° 271
Bench slope angle = 58°, Rench Height =3 m, Bench Width = 9 m :
6 Section 189100
Dump Height = 70 m, Overall Siope angle = 16° 2.72
Bench slope angle = 58°, Bench Height =3 m, Bench Width =9 m
7. Section 189200
Dump Height = 70 m, Overall Siope angle = 16" 269
Bench slope angle ='58°, Bench Helght =3 m, Bench Width =9 m
g, Section 189300
Dump Height = 70 m, Overall Slope angle = 16° 278
Bench slope angle = 58°, Bench Height =3 m, Bench Width=9m
9. Section 189400
Dump Helght = 70 m, Overall Slope angle = 16" 271
Bench slope angle = 58°, Bench Helght =3 m, Berich Width = 9 m
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4.0 Conclusione

The stability for various sections of dutnp stopes in different conditions was carried out for
Rujrnahal Opencast mine. Finite elemnent method has been used for snalyzing the dump slope for
diffe rent geo mining conditions. The factor of safetyof 1.2t0 1.5 should be taken as short stabiiity
& Factor of safety > 1.5 for long term stability. However, due to previous accident in Rajmahal
OCP and varlous uncertainties and discussion with competent authority aﬁd mine official, the
Factor of safety more than 2.5 has been considered as long term stability for the present study.
The present scenario Is termed as patch work profile. The conclusions and suggestion of thé

]DI‘L cc nt‘studv‘afe‘summarized below, ™ T T e enmiraat o i A e e s 8 e e

o The factor of safety of patch work is varied from 1.09 to 2.7. It indicates that some of the
section of the dump slope s short term stéble. One can also observe that the crac'ks-has
initiated mainly in failed dump material.

s it is recommended that one can excavate the material from top to bottom. The falled
material has very less shear strength and modulus of elasticity therefore the
displacement is high and that has lead to crack generation in the dump material.

o it is observed that the siope is short term stable only at some sections, Therefore, It is
advisable that during rainy season the proper dralnage system should be adopted and
pfecaution should be taken for patch work.

e The final designs are provided by the mine officials in terms of nine sections. The factor
of safety has been calculated for varlous sections. The factor of safety is varied from
5 51 to 2.82. It indicates that the dump slope is stable for long term

e Dump slope do not fall without warnlng and may be managed through design of dump

sequencing, re-sioping of selected areas. Regular monltoring of dump slope s also being

- vised. It is recommended that a gualified Person to ensure that-the dufps-are g

constructed as specified by the design drawlngs.

Depattment of Mining, Engincerisy, “T(Bi%ij’)}
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e The monitoring program should include visual inspection of the dump slope, specially
crest, slope face and toe areas for evidenee of cracking, serpage, € rosion, deformation
ele 1t is recommended that these are

as be visuzlly inspacted by the shift supervisor or

ficld engineer, Other abservations {cracking, seepage, eresion, deformetion) should also

be logged prope rly.

It has been observed that some cracks are visible on the surface of the dump. Al these

B
Y
b
N
B
)
B

cracks must be fitled and light weight material should be filled before rainy season.

Monitoring should be done daily for strata movement.

. B S
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5.0 Dot B cunivissiptions

&

~shautd be of 3rm and width shoutd be 8m in dump material, - oo

1t is Leing reconnended that the wor I must be done in fwo phases.

In phizse one the excavation of overburden dun*.ﬁ should be done frova top ta bottom
{i.e.124 MRL 1o -5 MRL). The RL of top of existing OB Durap is 124 mir. & the insitu rock
rass is a1 -6 MRL. It will be completely de-capped from 124 I4RL to 64 ML approx. The
direction of advancement of working wlil be rise to dip.

Phase one is bounded by grid 2188600€ 1o 189500€ and 242600N to 244350N demarcated
by red coleur in plan no ECL/RIML/OCP/DMZ/341 dated 04/05/2018 {Annexure i) Itis
being recommended that the maxtmum height of dump chould be 70m from insitu
ground (expeted MRL -5) with maximum overall slope angle 15 degree. The bench height
At this -5MRL, a 100 meter clear space from toe of dumnp should be left in in-situ which

has been shown in plan & section attached (ECLIRJML/OCPIDMZI341 dated 04/05/2018)

The phase two will only start after completion of phase 1. in-situ excavation will be done
in phase two. Phase two is bounded by grid 188600E to 189500F and 243600N to
244100N demarcated by green colour In plan no ECL/RIML/OCP/DMZ/341 dated
04/05/2018{Annexure 1). The overall slope angle should be 27 degree during working in
in-situ rock benches. It is being recommended that the final overall slope angle should bs
37 degree with bench height of 6m and width of &m in In-situ strata.

The fault will be exposed and rock mmass near the fault can be observed during the
excavation In Insitu. It is likely that the rock mass neat the fault Is disturbed. Therefore, It
ts recommended that the rock mass near the fault must be observed during the
excavation. If the rock mass Is disturbed near the fault then the design of bench in terms

of height and width shall be freshly carried out based on scientific study.

_ltis being qugggrprr_\_e_nded that the fault plane should be excavated and removed through

benching. The material of footwall side of fault 78 should be removed during excavation

of averburden or coal.

The monitoring program include visual Inspection of the dump slope, specially crest, slope

face and toe areas for evidence of eracking, seepage, erosion, deformation etc. it Is

racommended that the shift supervisor or field englneer visually inspect these areas.

Departmeant of Mining Engineéring, fH(Bt”‘) R"i |
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Other observations (cracking, seepage, erosian, dolcniiction) should also be fogped
) properly. Bench should have gradient in any direrion for proper drainape.
) ¢ Continuous slope monitoring is essential to deir any instability in advance to salepuard
) against possible slope failure. The dump shall b regularly surveyed 1o produce up to date
J & accurate dump Eeometry.
D ¢ Adequate infrastructure to be provided for imparting training on slope stability to all
) concerned person employed in such large open cast mines,
D) s Technical competence of the contractual supervisors shall be appropriately scrutinized
B before deploying them in the mine.

o

it is possible that any unfavourably oriented structural discontinuity (shear plane/fault/s)

may be present in the mining area, which could not be detected durin
] drilling and

g exploratory

it is detected during ongoing excavation. It may create unsafe mining

) condition. The resident Geologist should conduct field mapping to see the existence of

faults in the fresh exposure of the pit. It will help to detect the impending failure along

3 these undetected weak planes.

3 e A few small-scale faifures may subsequently cause a big failure. If two or three berches
3 are made steeper at any level in any part/depth of the pit/dump then it may initiate
3 failures. Although the overall slope angles may be quite low but the steeper sfope angles
% of three benches may increase the stress at the toe of relatively steeper part of the slope,
| which may cause failures, Two or three such small failures may cause a big failure. so
' benching should be done properly from top to bottom,

% e In case there are multiple fault planes, bench design should be such that they do not
% strike parallel to fault plane.

% -]

Thus, it is strongly recommended to go for extensive monitoring of all the benches to

detect any cracks development and its effect on the stability of benches.

© _.The monitoring stations should be installed at an interval of 5¢-meter on all'benghes in
staggered manners so that effective gap between two stations of two immediqt_g_upper
and lower benches would be 25 meters only, AR BRI R L]

@

The Monitoring should be done daily for strata movement on daily basis, if there is

detected any crack, deformation, movement in benches, it shall be immediately informed

————tohighermanagement, if the symptoms are abnormal, it must be referred to ISO & DGMS

Department of Mining Enginecring, IFT{BHILY)
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{ scientific croncy and i veork vl e tteppea till furter instruction from
Siatutony boéies are oblained.

¢ implementation stratepy-- ine management will comply all the recommendations as
detailed above by WT (WU in line with the plan ‘& sections bearing
no.ECL/RIML/OCP/DIZ/341 dated 04/05/2018.

e Further the working will be under the supefv‘ision of one Sr. Manager assisted by three
under managers one in each relay/shift.

o Each shift under manager will be assisted by two supervisors. Al of them will
supervise the re-handing operation and ensure that ensure that working is done
as per the recommendation & plan as mentiocned above. |

e The under manager/supervisors will inspect all the working area for dump slope,
specially crest, slope face and toe areas .for evidence of cracking, seepage, erosion,
deformation etc. in the beginning of shift, middle of shift and end of the shift and
hand over the charge to succeeding shift.

e One surveyor will ensure the supervision of strata‘ movement by total station on
daily basis by putting the target at every bench at a distance of 50meters in a
staggered fashion.

e The mine manager will ensure every operation is being carried out as per the

recommendations & plan and statutory provisions holistically.

Prof B K Shrivastva Dr. Rajesh Rai

{Principle Consultant) (Co-Consultant)
Associate Profeszor
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 professor " Indien Insttute of Tectarclody
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Wt (BHU) Varanasi-221005 :\me 220\

Departient of Mining, Enpinecring. TRNCIRAS)




—

o el St

R A

g

Slape Sedishie Stody for R.tixll;}!l_i? e
P . .- e P e

FASTERN COALL DS Lhiress

{A Sl:h.;idinry of Coa? Iy

= Limiie A7 AT )
Oflize of tie Generg! Manng erilcy a¥ 6““} *
Rajmaha 0L of Mine: gr,'
FO “Bar, Simre Eides T By
Godda, Jhurkkung R
INPHERE mj.’u:dm!.eci@grnm! com

© RN ECIJ}{(;OM*GMlf{:)' 61y

J WORK ORDIR
" To,

Prof B Shrivastyg

Coprdin o

Centre of Advanced Studies

Lenertmeny of Mining Eng
Indian Instituic of Techun}
(Banaras Hindy Univers
Varengs| (UP) Indjp
Phone 0542 2369434
Maobile; 0943 5222629,

ingering
opy
ity)

Sube Wep Order for v Scieniific Swdicy of ultimae piy stope, dump slope and Monitorin;
Plan as pe, CMR 2017 for slope stbility of tta) gres of Daliernpn i Pach, Rujmuh;.:

Qcp

Ref: you, Leter no, MmiUKS’BUH-IH’M Diated 06.01.201% (by mait,

Dea: Siy, - '

The competen authority is pleased 1 award the subjee
estimale of the job as agreed by you, _

wark with following approve.

"Scientific Sud)' from grid v
243500K 1o 244300N of Duhenangi Patety for
designing bench height, width ang ultimate pitslop
following eircumsiance -
I. Te comply  with qhe provision
Regutation pg, 106 of Coal Mings Re
2 After rescqe recovery 1o
side of F§-1° fauly sufely.
L — =k

' AmoumiRs § '
1L,00,000.05 {

wluc 188300F. o 1850
{total arey;

G3E and grig

¢ due 1o

of newly amended
gulution 2017,
exiract coal on ¢, dowr throw

. ] o _{ 13,96,00007 7
(Rupees Twgivg lakhg ninety eigh thovsand only)

Conl. on page no. 7

Depariment of Mining Enganeering, (B
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Lo Peying enthurity - Ares Finanac Managce, Relinelad Ares

2. Fayment + Payment will be made through RTGS within five deye in pdvinoe
Benk Naue « State Brak of Indie, IT-BIU Bieneh, Varanasi - 221003
IS¢ Code - SDINOYI 1445 ’

Bank Avcount No. 34923596941, Bunk Accoud Name — R&D

3. Company shall not have licbility whatsoeyer on any secount except for peyving for the
wurk done end admitted by the Company of the accepied awarded rate,

4. Time of completion is 90 days from the darc of jesue of the work ordes. Tryw
complete the study at the ealicst possible, . e

T The Work Ordder Is being issued te you in duplicate, You sre feguested o send one ¢y v
of the work order te this office duby signed by you as a token of your acceptange.

This issue with the approval of the eompetent authority.
Youws faithfully

\ﬁéﬁ}l’ﬂ u
Generad Manafier (1/C)
ol Rajmahal Arer
BU No. ECL/RIML/Rev./18-19/0C W(Safe1y)}004226/01 di. 21.04.201 for Rs. 12,98,000.00
: {(Rupees Twelve lakhs nincty eight thousand onty)

Copy w0:
" DT(OP}, ECL, HQ, Sanctoria
DT(P&I), ECL, HQ, Sanctoria
Kegidhie! Director, CMPDIL, Ri-1, At
GMVig), ECL, HQ., Sanctoriz
GM(TEMS)TS 1o CMD, ECL, HQ, Sanctoris
OM(Safety}, ECL, H.Q., Sanctorie
GM (PCD&E), Rajmahal Arer
QOM(OP), Rejmakel OCP
AFM, Rajmahn! Ares.
TS o GMQ/C), Rejmahal Arep
Area Burvey Officer, Rajmahal Argu
Office Copy / Muster File '
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